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IMPORTANCE The clinical diagnosis of conjunctival and eyelid margin tumors is challenging,
and new noninvasive imaging techniques could be valuable in this field.
OBJECTIVE To assess the diagnostic accuracy of handheld in vivo reflectance confocal
microscopy (IVCM) for the diagnosis of eyelid margin and conjunctival tumors.
DESIGN A prospective observational study was conducted at University Hospital of
Saint-Etienne from January 2, 2011, to December 31, 2016 (inclusion of patients until
December 31, 2015, and follow-up until December 31, 2016). A total of 278 consecutive
patients with eyelid margin or conjunctival lesions were included. Conjunctival lesions were
diagnosed with a conventional clinical examination using a slitlamp and by handheld IVCM.
Final diagnoses were established by histopathologic examination for 155 neoformations
suspicious for beingmalignant through clinical and/or IVCM examination that were excised
and on follow-up of 12 months or longer for the remaining 140 lesions.
MAIN OUTCOMES ANDMEASURES Sensitivity, specificity, and positive and negative predictive
values for malignant tumors of the conjunctiva and eyelid margin were calculated using
clinical examination with slitlamp and handheld IVCM.
RESULTS In the 278 patients (136 [48.9%] females; mean [SD] age, 59 [21] years), a total of
166 eyelid margin and 129 conjunctival lesions were included in the analysis. Of the 155
excised neoformations with a histopathologic diagnosis, IVCM showed higher sensitivity
compared with clinical examination conducted with the slitlamp for malignant tumors of the
eyelid margin (98% vs 92%) and conjunctiva (100% vs 88%). The specificity for malignant
eyelid margin tumors was higher for IVCM than for slitlamp examination (74% vs 46%), but
slightly less for malignant conjunctival tumors (78% vs 88%). Analysis of all neoformations
(155 excised and 140 in follow-up) confirmed these differences in the diagnostic accuracy of
the clinical examination and IVCM. The presence of hyperreflective Langerhans cells
mimicking malignant melanocytes was themain cause for misdiagnosis of malignant
conjunctival tumors with IVCM.
CONCLUSIONS AND RELEVANCE Handheld IVCM could be a useful tool for the identification of
malignant conjunctival tumors. Further studies are required to confirm the usefulness of this
device and identify possible features that can differentiate Langerhans cells frommalignant
melanocytes to prevent themisdiagnosis of melanoma using IVCM.
JAMA Ophthalmol. 2017;135(8):845-851. doi:10.1001/jamaophthalmol.2017.2019
Published online June 22, 2017.
Invited Commentary page 852
Supplemental content
Author Affiliations:Author
affiliations are listed at the end of this
article.
Corresponding Author: Elisa Cinotti,
MD, PhD, Department of Medical,
Surgical, and Neurological Science,
Dermatology Section, University of
Siena, S Maria alle Scotte Hospital,
Viale Bracci 16, 53100 Siena, Italy
(elisacinotti@gmail.com).
Research
JAMAOphthalmology | Original Investigation
(Reprinted) 845
© 2017 American Medical Association. All rights reserved.
Downloaded from jamanetwork.com by Universita delgi Studi di Siena user on 02/28/2019
T he diagnosis of eyelid margin and conjunctival malig-nant tumors is one of the biggest challenges in clinicalophthalmology, especially in an early phase. Differen-
tialdiagnosisencompassesa largespectrumofconditions, from
benign tumors to inflammatory diseases that are difficult to
identify by clinical examination.1 The need for surgical exci-
sion to reach a histologic diagnosis is frequent,with potential
functional and aesthetic consequences in this sensitive area.
Apart fromtheslitlampbiomicroscope that canprovideup
to40 ×magnification,nootherdevicesareroutinelyusedtohelp
in the clinical diagnosis of eyelid margin and conjunctival
lesions.1 In vivo confocal microscopy (IVCM) is a promising
noninvasive tool in this area, providing horizontal greyscale
images up to 1000 μm in depth with cellular resolution.
Two in vivo reflectance confocal microscopes are available to
explore the eye surface: a 4-slit scanning confocalmicroscope
(Confoscan; Nidek Technologies) and a laser-scanning confo-
cal microscope (Heidelberg Retina Tomograph; Heidelberg
Engineering GmbH). However, due to their limited ease of
handling,bothmicroscopesareusedmostly toexaminethecor-
nea; rarely are they utilized for the conjunctiva or eyelidmar-
gin.Ourgrouprecentlyusedaskin-specific,handheldreflectance
confocalmicroscope in examinationof the conjunctiva2-9 and
presentedpreliminarydata4,9 on itsdiagnostic accuracy.These
pilot studies suggest that this device could be efficiently used
for noninvasive diagnosis of conjunctival tumors. Herein, we
present a large seriesof conjunctival andeyelidmargin tumors
examinedbyhandheld IVCMandevaluate thediagnostic accu-
racy of this technique for these lesions.
Methods
Patients and Setting
A total of 278 consecutivepatientswere included in the study,
with 136 (48.9%) females;mean (SD) agewas 59 (21) years. Of
these patients, 160 (83 females, 77males;mean age, 65 years;
range, 10-95 years) presentingwith 166 eyelidmargin lesions
and 118 (53 females, 65males;mean age, 51 years; range, 7-94
years) presenting with 129 conjunctival lesions were re-
cruited at theDermatologyDepartmentof theUniversityHos-
pital of Saint-Etienne between January 2, 2011, and Decem-
ber 31, 2015 (inclusionofpatientsuntilDecember 31, 2015, and
follow-upuntilDecember 31, 2016). Institutional reviewboard
approval was obtained from the University Hospital of Saint-
Etienne. Informedconsentwasobtainedorallyduring the first
consultation and before the examination. Patients were in-
structed not to wear make-up and facial cream; if necessary,
these cosmetics were removed before the examination.
Examined Lesion Diagnosis
Clinical (eTable in the Supplement) and IVCMdiagnoses of all
295 lesionswere prospectively established by a teamof 3 der-
matologists (E.C.,B.L., andJ.L.P.) and3ophthalmologists (A.S.,
D.G., and G.T.). A slitlamp examination was performed to
establish the final clinical diagnosis.
For IVCM, the diagnostic criteria reported in Table 1were
adopted. Surgical excisionandhistopathologicdiagnosiswere
performed in 155 cases (99 eyelid margins and 56 conjuncti-
vae) suspicious for malignant tumors under clinical and/or
IVCMexamination.Theremaining67eyelidmargin lesionsand
73 conjunctival lesions were not excised because they were
chronic and did not present any features suggestive ofmalig-
nancywith clinical and IVCMexamination. In addition, these
lesionsdidnot showany change following further clinical and
IVCMmonitoring for 12 months or more.
In Vivo Reflectance Confocal Microscopy Examination
Examination with IVCM was carried out with a handheld re-
flectance confocal microscope for skin imaging (VivaScope
3000; Caliber I.D.) equippedwith an 830-nmdiode laser that
is not harmful to eyes and does not induce ocular glare (class
1B classification; Center forDevices andRadiologicalHealth).
Each image corresponds to a horizontal 920 × 920 μm sec-
tion up to 250 μm in depth from the epithelial surface to the
stromawith a high optical resolution (horizontal and vertical
axis: 1.25 μm and 5 μm, respectively).
Beforetheexamination,topicalanesthesiawasadministered
usingoxybuprocainehydrochloride,1.6mg/0.4mL(Laboratoires
Théa), and tetracaine hydrochloride, 1% (Laboratoires Théa),
applied inthe inferiorconjunctival fornixof theeye,andatrans-
parentophthalmicgelofcarbomer974P(LaboratoiresThéa)was
applied to the ocular region to be examined. Adisposable ster-
ile transparent film (Visulin;PaulHartmannAG)wasapplied to
the tipof the IVCMfor the first 217 lesions.For the remaining78
lesions, the tipof thecamerawasdisinfectedbyapplyinga layer
of chlorinedioxide foam(TristelDuo;Tristel SolutionsLtd)and
byusingethanolwipes (Cidalkan;Alkapharm)before andafter
applicationof the foam.Examinationswereperformedwiththe
patients in a supine position.
Statistical Analysis
Sensitivity, specificity, positive predictive value, and nega-
tive predictive value of the clinical examination and IVCM
for malignant tumors were calculated for (1) the 155 lesions
that were excised considering the histopathologic diagnoses
as the criterion standard and (2) all 295 lesions considering
the histopathologic diagnoses plus the diagnoses performed
after the follow-up of 12 months or more as the criterion
standard. Sensitivity, specificity, positive predictive value,
and negative predictive value of clinical examination and
IVCM for the different types of malignant tumors (basal cell
Key Points
Question What is the diagnostic accuracy of handheld in vivo
reflectanceconfocalmicroscopy fordiagnosisofconjunctival tumors?
Findings In an observational study of 295 lesions, in vivo
reflectance confocal microscopy showed respective sensitivity and
specificity values of 100% and 93% for conjunctival and 98% and
90% for eyelid margin malignant tumors.
Meaning These data suggest that in vivo reflectance confocal
microscopy has good diagnostic accuracy for conjunctival tumors
and could help clinicians to diagnose these lesions correctly.
Research Original Investigation Handheld In Vivo Reflectance Confocal Microscopy for Diagnosis
846 JAMAOphthalmology August 2017 Volume 135, Number 8 (Reprinted) jamaophthalmology.com
© 2017 American Medical Association. All rights reserved.
Downloaded from jamanetwork.com by Universita delgi Studi di Siena user on 02/28/2019
carcinoma [BCC], squamous cell carcinoma [SCC], mela-
noma [MM], and mucosa-associated lymphoid tissue
[MALT] lymphoma) were calculated only for the 155 lesions
that had histopathologic diagnoses.
Results
The diagnostic accuracy of the clinical and IVCM examina-
tions for the different types of eyelid margin and conjuncti-
val malignant tumors is reported in Table 2. In vivo reflec-
tanceconfocalmicroscopywasmoresensitiveandspecific than
clinical examination with the slitlamp considering both the
155 excised lesions with a histopathologic diagnosis and the
entire series of 295 lesions (lesionswithhistopathologic diag-
nosis and lesions with diagnosis based on the follow-up).
Diagnostic Accuracy for the 155 Excised Lesions
Higher sensitivity of IVCM compared with clinical examina-
tion conducted with the slitlamp was identified both for ma-
lignant tumors of the eyelid margin (98% vs 92%) and con-
junctiva (100%vs 88%). Specificitywas higher for IVCM than
clinical examination for the malignant eyelid margin tumors
(74%vs46%), butnot formalignant conjunctival tumors (78%
vs 88%). No complications, such as ocular inflammation, in-
fections, and/or mechanical trauma, were observed using
IVCM. The time required for the IVCM examination was 5 to
10minutes per lesion, whereas less than 5minutes were nec-
essary for slitlamp examination.
EyelidMargin Lesions
Histopathologic examination of the 99 excised eyelidmargin
lesions showed 60 malignant tumors, including 49 BCCs, 4
SCCs, 7 MMs, and 39 benign tumors (18 dermal nevi, 1 solar
lentigo,3epidermalcysts, 3 seborrheickeratoses, 1 actinickera-
tosis, 7 adnexal tumors, 3 compound nevi, 1 melanoacan-
thoma, 1 pyogenic granuloma, and 1 viral wart). Of the 99
excised lesions, 68were for possible clinical differential diag-
nosis of BCC, and their histopathologic diagnoses were
49 BCCs, 1 solar lentigo, 9 dermal nevi, 6 adnexal tumors
(3 hidrocystomas, 1 hamartoma, 1 trichoepithelioma, and
1nodular hidradenoma), 2 epidermal cysts, and 1 actinic kera-
tosis. Slitlampexamination failed to identify 5BCCs (sensitiv-
ity, 90%) andmisdiagnosedBCC in21 cases (specificity, 46%).
In vivo reflectance confocal microscopy agreed with histo-
pathologic findings in 48 of 49 BCCs, showing sensitivity of
98% for BCC. However, IVCM misdiagnosed BCC in 3 cases
of dermal nevus, 1 case of nodular hidradenoma, and 1 case
of actinic keratosis, showing specificity of 74%.
Twenty-one caseswere evaluated for possible clinical dif-
ferential diagnosis of MM, and their histopathologic exami-
nationshowed7MMs,8dermalnevi, 3compoundnevi, 1mela-
noacanthoma, 1 epidermal cyst, and 1 adnexal tumor. Slitlamp
examination diagnosed all MMs but misdiagnosed MM in 8
cases (specificity, 43%). In vivo reflectance confocal micros-
copydiagnosiswas in agreementwith thehistopathologic ex-
amination in all 7 cases of MM, showing sensitivity of 100%
for MM, but it misdiagnosed MM in 2 dermal nevi, 1 melano-
acanthoma, 1 adnexal tumor, and 1 compound nevus, show-
ing specificity of 64%.
Ten caseswere evaluated for possible clinical differential
diagnosis of SCC, and histopathologic examination indicated
1basosquamouscarcinoma,3SCCs, 1dermalnevus, 1viralwart,
Table 1. In Vivo Reflectance Confocal Microscopy Features
Used to Diagnose EyelidMargin and Conjunctival Lesions
Eyelid Margin
and Conjunctival
Lesions Features
Actinic keratosis Parakeratosis, hyperkeratosis of the stratum corneum
of the epidermis, and atypical honeycomb pattern of the
spinous-granular layer of the epidermis
Adnexal tumors Hidradenoma: small dark silhouettes, cystic areas and
duct-like structures; possible dilated blood vessels
Trichoepithelioma: islands of uniform basaloid cells,
sometimes showing peripheral palisading and small
keratinous cysts lined by a stratified squamous
epithelium
Hidrocystoma: cysts lined by 2 layers of cells
Basal cell
carcinoma
≥2 Of the following criteria: (1) dark silhouette,
(2) lobular nests or trabecular structures of tightly
packed cells, (3) peripheral palisading of elongated
cells, (4) peritumoral clefts, (5) convoluted and dilated
blood vessels, (6) polarized elongated keratinocytes
(streaming) of the overlying epidermis
Epidermal cyst Cystic cavity filled with keratin surrounded by a normal
epithelium
Melanoacanthoma Widespread proliferation of homogeneously distributed
dendritic melanocytes in an acanthotic epithelium
Melanoma Large dendritic or roundish hyperreflective cells at the
epithelial-stromal junction and/or in the stroma
associated with the possible presence of large pagetoid
cells
Mucosa-associated
lymphoid tissue
lymphoma
Normal epithelium and abundant small hyperrefractive
roundish cells corresponding to lymphocytes in the
stroma
Nevus Junctional nevus: hyperreflective, homogeneous,
medium-sized (10-20 μm), roundish cells organized
in nests at the epithelium-stromal junction, with the
absence of (1) pagetoid cells, (2) atypical cells at the
epithelium-stromal junction, and (3) disarrangement
of the epithelial layers
Dermal/subepithelial nevus: hyperreflective,
homogeneous, medium-sized (10-20 μm), roundish
cells organized in nests in the stroma, with the absence
of (1) pagetoid cells, (2) atypical cells at the
epithelium-stromal junction, and (3) disarrangement
of the epithelial layers
Compound nevus: features of junctional and
dermal/subepithelial nevus
Epithelial cystic nevus: same features as common nevi
plus stromal pseudocystlike structures partly filled with
monomorphous material
Pinguecula Absence of epithelial atypia and subepithelial presence
of degenerated stromal collagen that presented with a
coiled shape; possible increased leukocytes (small,
hyperrefractive, roundish homogeneous cells) in the
stroma
Primary acquired
melanosis
Hyperreflective cells confined to the basal layer of the
epithelium and/or small pagetoid dendritic cells
Primary acquired
melanosis with
atypia
Hyperreflective, large dendritic and rarely roundish
cells throughout the epithelium
Pterygium Absence of epithelial atypia and subepithelial presence
of a fibrovascular proliferation; possible increased
leukocytes (small, hyperrefractive, roundish
homogeneous cells) in the stroma
Seborrheic
keratosis
Widening and interweaving of the epidermal rete ridges
(“polycylic papillary contours”) and horn pseudocysts
Solar lentigo Hyperreflective basal keratinocytes
Squamous cell
carcinoma
Disarranged pattern of the spinous-granular layer of
the epidermis
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3 seborrheickeratoses, and 1pyogenic granuloma. Slitlampex-
amination diagnosed all SCCs (sensitivity, 100%), but misdi-
agnosed SCC in the case of a viral wart (specificity, 83%). In
vivo reflectance confocal microscopy agreed with the histo-
pathologic examination except for 1 basosquamous carci-
noma that was considered a BCC (sensitivity and specificity
of 100% if we consider that both SCC and basosquamous car-
cinoma are malignant tumors).
Conjunctival Lesions
Histologic examination of the 56 excised conjunctival lesions
showed24malignanttumors (11MMs,11SCCs,and2MALTlym-
phomas) and 32 benign tumors (11 compound nevi, 6 epithe-
lial cysticnevi,2subepithelialnevi, 3 junctionalnevi,6primary
acquiredmelanoses,3pinguecula, and1 foreignbodyreaction).
Sixteen cases were evaluated for possible clinical differential
diagnosisofSCC,andtheirhistopathologicexaminationshowed
11 SCCs, 3pingueculas, and2 compoundnevi. Slitlampexami-
nation indicatedsensitivityandspecificity forSCCof 100%and
40%, respectively (3 pingueculas that presented as whitish
nodules were diagnosed as SCC). In vivo reflectance confocal
microscopyagreedwith thehistopathologic examination inall
cases and had 100% sensitivity and specificity for SCC.
Thirty-eight caseswere evaluated for possible clinical dif-
ferential diagnosis of MM, and histopathologic examination
showed 11 MMs, 2 subepithelial nevi, 6 epithelial cystic nevi,
9 compound nevi, 3 junctional nevi, 1 foreign body reaction,
and 6 primary acquired melanoses. Slitlamp examination
missed 3 MMs (sensitivity, 72%) and misdiagnosed 1 case of
subepithelial nevus (specificity, 96%). Invivo reflectance con-
focal microscopy showed sensitivity of 100% for MM, but it
misdiagnosed MM in 7 benign lesions (1 epithelial cystic
nevus, 3 primary acquired melanoses without atypia, and 3
compound nevi), showing specificity of 74% for MM.
Two cases were clinically suspicious for MALT lympho-
mas, and histopathologic examination confirmed this diag-
nosis. Slitlamp and IVCM examinations agreed with the his-
topathologic diagnosis in both cases.
Diagnostic Accuracy for All 295 Lesions
For the entire series of lesions, we noted the same sensitivity
results as for the series of 155 excised lesions. Specificity in-
creased for both the clinical and IVCM examination because
all lesions that were considered benign based on these 2 ex-
aminations did not show any sign of malignancy during the
follow-up period and were counted as true-negative.
Discussion
In this study, IVCMwith a handheld dermatologymicroscope
proved to be useful to diagnose conjunctival tumors. In addi-
tion, IVCM was more sensitive and specific than clinical ex-
amination performed with the slitlamp for diagnosis of eye-
lidmargin tumors.Concerningconjunctival tumors, IVCMwas
more sensitive than clinical examination performedwith the
slitlamp,buthadslightly less specificity forMM.Overall, IVCM
didnot fail to identify anymalignant conjunctival tumors and
missed only 1 eyelid margin BCC, whereas clinical examina-
tion with the slitlamp failed to identify 5 BCCs of the eyelid
margin and 3MMs of the conjunctiva (Figure 1). The BCC that
was missed by IVCM examination was diagnosed as foreign
Table 2. Diagnostic Accuracy of the Clinical Slitlamp Examination and Handheld IVCM
Characteristic
Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)
Clinical
Examination IVCM
Clinical
Examination IVCM
Clinical
Examination IVCM
Clinical
Examination IVCM
Neoformations With Histopathologic Diagnosisa
Eyelid margin
malignant tumor
92 (80-97) 98 (94-100) 46 (30-63) 74 (58-86) 72 (61-82) 86 (74-92) 78 (56-92) 97 (81-100)
BCC 90 (77-96) 98 (94-100) 37 (17-61) 74 (54-93) 79 (65-87) 91 (79-96) 58 (29-84) 93 (66-100)
SCC 100 (40-100) 100 (40-100) 83 (36-99) 100 (52-100) 80 (30-99) 100 (40-100) 100 (46-100) 100 (52-100)
MM 100 (56-100) 100 (56-100) 42 (18-70) 64 (36-86) 47 (22-73) 58 (29-84) 100 (52-100) 100 (63-100)
Conjunctival
malignant tumor
88 (74-100) 100 (83-100) 88 (76-99) 78 (60-90) 84 (63-95) 77 (58-90) 90 (73-97) 100 (83-100)
SCC 100 (68-100) 100 (68-100) 40 (73-83) 100 (46-100) 79 (49-94) 100 (68-100) 100 (20-100) 100 (46-100)
MM 73 (39-93) 100 (68-100) 96 (79-100) 74 (53-88) 89 (51-99) 61 (36-82) 90 (72-97) 100 (80-100)
MALT lymphoma 100 (20-100) 100 (20-100) NA NA 100 (20-100) 100 (20-100) NA NA
Eyelid margin
and conjunctival
malignant tumors
90 (82-96) 99 (93-100) 65 (52-75) 76 (64-85) 75 (65-83) 83 (74-90) 85 (72-92) 98 (89-100)
Neoformations With Histopathologic and Follow-up Diagnosisb
Eyelid margin
malignant tumor
92 (81-97) 98 (90-100) 80 (71-87) 90 (83-95) 72 (61-82) 86 (74-92) 94 (87-97) 99 (94-100)
Conjunctival
malignant tumor
88 (67-97) 100 (83-100) 96 (90-99) 93 (86-97) 84 (63-95) 77 (58-90) 97 (91-100) 100 (95-100)
Eyelid margin and
conjunctival
malignant tumors
90 (82-96) 99 (93-100) 88 (83-92) 92 (87-95) 75 (65-83) 83 (74-90) 96 (92-98) 100 (97-99)
Abbreviations: BCC, basal cell carcinoma; IVCM, in vivo reflective confocal
microscopy; MALT, mucosa-associated lymphoid tissue; MM,malignant
melanoma; NA, not applicable; NPV, negative predictive value; PPV, positive
predictive value; SCC, squamous cell carcinoma.
a Analysis of 155 lesions.
bAnalysis of 295 lesions.
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bodygranulomabecauseof thepresenceof crystal-likebodies
(Figure 2). Thehyperreflectanceof these bodies probablyhin-
dered the visibility of thedeeper layers of the stromawith the
BCC.We also tried to analyze themake-up products (founda-
tionand facial creams)usedby thepatientwith IVCMtoevalu-
atea correspondencebetweenpotentialmake-up residuesand
these structures, butwe could not find any correlation. An al-
ternativehypothesis about thesecrystal-likebodies is that they
might correspond to cholesterol crystals similar to what has
been reported in an epidermal cyst.10We did not observe the
presence of similar bodies or any other structures suggestive
of exogenous material in the other lesions.
One lesionclinically suggestiveof SCCof theeyelidmargin
wasdiagnosedasBCCwithIVCMbutwasidentifiedasbasosqua-
mouscarcinomaonhistopathologicexamination.Althoughthe
IVCMdiagnosiswas not accurate, itwas considered correct for
thecalculationof IVCMsensitivitybecause the lesionwasdiag-
nosedasmalignantandthetreatmentdidnotchange.Retrospec-
tive examination of this case found the absence of the periph-
eral palisadingof elongatedcells typical ofBCCandofenlarged
vessels that are usually present in both BCC and SCC.
Specificity of IVCMwas high but did not prevent us from
excising some benign tumors. One limitation of this tech-
nique could result from the use of a disposable sterile plastic
film applied to the tip of the IVCM from the beginning of the
studyuntilMay2015 (first217 lesions),whichreducedthequal-
ity of the images. Establishing the right diagnosis for these le-
sions was more difficult as demonstrated by the fact that all
of the false-positive cases of the eyelid margin tumors (MMs
and BCCs) were imaged using this interface.
Retrospective analysis of the IVCM images of the 5 tumors
misdiagnosed as BCCs showed only dark silhouettes and con-
voluted dilated blood vessels (eFigure 1 in the Supplement);
thesefeaturesmightbenonspecific foradiagnosisofeyelidmar-
ginBCCdifferent fromcutaneousBCC.9 In thesecases,dark sil-
houetteswereeithernot reflectiveorwerehyporeflective.Ret-
rospectiveevaluationof images thatwerehyporeflective found
blurred cells inside the islands (corresponding tomelanocytic
nests) without the peripheral palisade of BCC (eFigure 1 in the
Supplement). Theadhesive filmapplied to the tipof themicro-
scopecouldhavehamperedvisualizationof the individual cells
inside the silhouettes with the consequent incorrect differen-
tiation betweenmelanocytes and cells of BCC.
Lesions that were incorrectly diagnosed as MM by IVCM
mainly showed large,hyperreflective,dendritic cells at theepi-
thelial-stroma junction and/or in the upper layers of the epi-
thelium,mimickingpagetoidcellsofMM(Figure3).Thesecells
corresponded to Langerhans cells11 that could be common in
mucous membranes12,13 and could lead to a wrong diagnosis
of MM. In some nevi, sheets of large, hyperreflective, round-
ish cells were present in the stroma,mimicking a deeper pro-
liferation ofmalignantmelanocytes (eFigure 2 in the Supple-
ment).Thesecells correspondedtobenignmelanocytesofnevi
that were distributed in sheets instead of being organized in
typical well-defined nests, leading us to the diagnosis of MM
(eFigure 2 in the Supplement). Moreover, technical difficul-
ties explained the misdiagnosis of 2 compound nevi: IVCM
images were too superficial and showed only large dendritic
Figure 1. Basal Cell Carcinoma andMelanoma ThatWere Clinically
Diagnosed as Benign and ThatWere Correctly Diagnosed Using
In Vivo Reflectance Confocal Microscopy (IVCM)
∗
∗
∗
∗
Clinical examinationA Clinical examinationB
IVCM examinationC IVCM examinationD
Clinical presentation of the basal cell carcinoma (A) and themelanoma (B)
indicated with black arrowhead; IVCM, showing a typical aspect of basal cell
carcinomawith tumor islands (asterisks) with peripheral palisading cells (yellow
arrowhead) surrounded by hyperreflective collagen (blue arrowheads) (C); and
a proliferation of large and irregular hyperreflective cells in the stroma
suggestive of malignant melanocytes (red arrowheads) (D).
Figure 2. Basal Cell Carcinoma of the EyelidMargin
ThatWasMisdiagnosed as Foreign Body Granuloma
Clinical aspectA IVCM examinationB
A, Clinical aspect. B, Hyperreflective, crystal-like bodies shown by in vivo
reflectance confocal microscopy (IVCM) on the superficial part of the eyelid
margin (red arrowheads).
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cells in the epithelium and no melanocytic nest. In addition,
examination with the handheld device could be hampered
sometimes by patients’movements,which could prevent the
exploration of the entire tumor.
In this study, we obtained images similar to those de-
scribed for the previous in vivo reflectance confocal micro-
scopes used to examine the ocular surface.14-17 However, the
handheld device allows imaging of a larger field of view
(920 × 920μmvsup to400 × 400μm)andallowsbetter han-
dling that can be particularly helpful for examination of the
lateral part of the conjunctiva and the eyelid margin and can
facilitate its use in clinical practice.4,9
Comparedwith optical coherence tomography (OCT) and
high-frequencyultrasoundbiomicroscopy (UBM),whichhave
proven to be of assistance in the diagnosis of many ophthal-
micpathologies, IVCMoffershigher resolution.17Anterior seg-
ment OCT17,18 and UBM19 do not allow the differentiation of
single cells because they feature resolution of only 18 and
25 μm, respectively. Although ultrahigh-resolution OCT fea-
tures resolution as low as 3 μm, details of single cells are not
seen.20-22 Ultrahigh-resolution OCT and UBM allow the iden-
tification of the silhouettes of tumors and some architectural
features, such as the presence of cystic areas,18,23 but not
cytologic details.22,24 These techniques are less suitable than
handheld IVCM to explore the lateral margin of the
conjunctiva.18,24Ultrahigh-resolutionOCTandUBMhave the
advantage over IVCM to provide cross-sectional images as in
histopathologic examination in contrastwith en face images17
as well as a comprehensive scan of a tumor because of their
larger field of view and deeper penetration.17 However, some
degree of optical shadowing of deeper structures canoccur in
ultrahigh-resolution OCT, particularly in the case of pig-
mented lesions.18,20Atpresent, it is difficult to comparehand-
held IVCMwith ultrahigh-resolution OCT and UBM, because
the diagnostic accuracy for conjunctival tumors of the latter
techniques has been studied in smaller series18-20,22,24,25 and
there are only case reports for their comparisonwith IVCM.5,15
Forall of thesehigh-resolution imaging techniques, thepa-
tient’s cooperation is essential to avoid blurred images linked
to eyemovements. For IVCMconductedwhen thepatients are
in a supine position, the operator needs experience to con-
tinuously adapt the position of the camera and place it on the
ocular surface without pushing excessively.
Limitations
Themain limitationof our study is that thediagnoseswere es-
tablished during a joint consultation of skilled dermatolo-
gists and ophthalmologists who are experts on conjunctival
tumorsandcutaneousandocular IVCM—achancesynergy that
maybe seldom.Nevertheless, for IVCM, the importanceof the
skill of the clinicians in both image acquisition and interpre-
tationhas beendemonstrated in several domains,with a vari-
able learning curve length.26-30
This study has also shown the need to clean the lens ac-
curately instead of applying the sterile adhesive film, be-
cause the film reduces the image quality. Another drawback
of IVCM is its high cost, which limits its widespread use but is
accessible for tertiary care centers.
Conclusions
Ourstudyshowsthatskin-specific,handheldIVCMisafast,non-
invasive, reliable tool for invivodiagnosisof eyelidmarginand
conjunctival lesions. Moreover, IVCM has the advantage of al-
lowing repetition of examinations of the same tumors at dif-
ferent times during follow-up. This technique has shown sen-
sitivity forconjunctivalmalignanttumorsandgreaterspecificity
than clinical examination conducted with the slitlamp for the
diagnosisofeyelidmargin tumors.Themain limitationof IVCM
for the diagnosis of conjunctival tumors is that it does not al-
lowdependable identificationofeitherLangerhanscellsorma-
lignant melanocytes. Further studies should be performed to
identify possible features that can differentiate malignant
melanocytes from Langerhans cells.
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